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Description 

HINGE DEVICE FOR A ROTARY MEMBER 
OF AN AIRCRAFT ENGINE 

Background 

[0001] | n variable-geometry axial-flow turbines, the cross sec- 
tion area of the nozzles of one or more stators can be ad- 
justed by adjusting the angular position of the stator 
blades about respective axes incident with the turbine 
axis. More specifically, each blade normally comprises two 
cylindrical pins located on opposite sides of the airfoil 
profile of the blade and hinged to respective platforms 
defining the gas conduit. 

[0002] The extremely high operating temperature of the gas pro- 
duces serious thermal expansion of the blades and other 
components, which may result in jamming or even seizure 
at the connection regions between the pins and stator 
platforms, thus impairing operation of the turbine. 

[0003] Cooling of the connection regions is therefore required, 
for which various solutions are known. These, however, 


call for a relatively large amount of air to cool the cylindri- 
cal outer surface of the pin, fail to provide for homoge- 
neous cooling of the pin, and involve additional drilling of 
the blade, which is difficult to do accurately, and which 
tends to produce relatively severe stress concentrations in 

the blade material. 
Summary 

[0004] The present invention relates to a hinge device for a rotary 
member of an aircraft engine, and in particular for a vari- 
able-geometry axial-flow turbine stator blade, to which 
the following description refers purely by way of example. 

[0005] it is an object of the present invention to provide a hinge 
device for a rotary member of an aircraft engine, designed 
to provide a straightforward, low-cost solution to the 
above problems. 

[0006] According to the present invention, there is provided a 
hinge device for a rotary member of an aircraft engine 
comprising a conduit housing said rotary member and for 
conducting a stream of gas, and an external environment 
outside said conduit and for receiving a cooling fluid hav- 
ing, in use, a higher pressure than the stream of gas in 
said conduit; the hinge device comprising a hinge seat 
formed in a supporting structure interposed between said 


external environment and said conduit; a hinge pin inte- 
gral with said rotary member and engaging said hinge 
seat to rotate about an axis; and a cooling passage having 
an inlet which comes out inside said external environ- 
ment, and an outlet which comes out inside said conduit 
to cool at least said hinge pin by means of a stream of 
said cooling fluid; characterized in that said cooling pas- 
sage comprises at least one number of channels formed 
outside said hinge pin and distributed angularly about 
said axis. 

[0007] More specifically, said cooling passage is formed entirely 

outside said hinge pin, and the hinge device preferably 

also comprises a collar portion fitted about said hinge pin; 

said cooling passage comprising at least one cooling fluid 

calibration channel formed at least partly on said collar 

portion in an intermediate position between said inlet and 

said hinge pin. 
Brief Description of Drawings 

[0008] a non-limiting embodiment of the invention will be de- 
scribed by way of example with reference to the accompa- 
nying drawings, in which: 

[0009] Figure 1 shows a section, with an enlarged detail for clar- 
ity, of a preferred embodiment of the hinge device for a 


rotary member of an aircraft engine according to the 
present invention; 

[0010] Figure 2 shows a larger-scale view in perspective of a de- 
tail of the Figure 1 hinge device; 

[001 1] Figure 3 shows a larger-scale view in perspective of a fur- 
ther detail of the hinge device and rotary member in Fig- 
ure 1; 

[0012] Figure 4 is similar to Figure 3, and shows, with parts re- 
moved for clarity, a variation of the Figure 1-3 device. 
Detailed Description 

[0013] Number 1 in Figure 1 indicates as a whole an aircraft en- 
gine. More specifically, Figure 1 shows a partial section of 
a variable-geometry axial-flow turbine 2, which forms 
part of engine 1, defines an annular conduit 3 for con- 
ducting a stream of relatively hot gas in expansion, and 
comprises a stator 4, and a rotor 5 downstream from sta- 
tor 4 (in the gas flow direction along conduit 3). 

[° 014 ] Stator 4 comprises an outer annular platform 6 and an in- 
ner annular platform 7, which between them define a por- 
tion of conduit 3 and are housed inside a casing 8 defin- 
ing, with platforms 6, 7, a cavity 9. Cavity 9 is outside 
conduit 3, and receives, in use, a mass of air of a lower 
temperature and higher pressure than the gas flowing 


along conduit 3. 

[0015] As shown in Figure 1, conduit 3 houses an array of stator 
blades 11 (only one shown in section) equally spaced an- 
gularly about the axis (not shown) of turbine 2, and each 
connected to platforms 6, 7 by a relative hinge device 12 
and rotated by a relative actuating lever 13 about a rela- 
tive axis 15 incident with the axis of turbine 2. 

[0016] with reference to Figures 1 and 3, device 12 comprises 
two pins 16, 17, which are located, coaxially with each 
other along axis 15, on opposite sides of blade 11, are 
formed in one piece with blade 11, are axially hollow, and 
engage, in rotary manner about axis 15, respective circu- 
lar through seats 18, 19 formed in respective platforms 6, 
7. 

[0017] pj ns i5 j 17 have respective surfaces 21, 22 defining a 

portion of conduit 3 to guide the stream of gas in use; re- 
spective cylindrical lateral surfaces 23, 24 connected in 
rotary and sliding manner to platforms 6 and 7; and re- 
spective shoulders 25, 26 substantially perpendicular to 
axis 15, and of which shoulder 25 comprises an outer an- 
nular portion 25a connected in sliding manner to platform 
6 (Figure 1 detail). 

[0018] pj ns i5 j 17 a | so comprise respective end portions 28, 29 


projecting axially from respective shoulders 25, 26 and 
extending through platforms 6, 7 into cavity 9. Portion 29 
and shoulder 26 are fitted to platform 7 with the interpo- 
sition of a ring 31 having an L-shaped cross section; and 
portion 28 is threaded externally and rotated by lever 13. 

[0019] with reference to Figure 2, lever 13 comprises a portion 

defining a collar 33, which is fitted to portion 28 and con- 
nected in sliding manner to platform 6. Collar 33 has an 
inner annular surface 35 fitted to portion 28 in angularly 
fixed manner and with substantially no radial slack; and 
two surfaces 36 and 37 perpendicular to axis 15 and lo- 
cated on opposite axial sides of surface 35. Surface 36 is 
connected to surface 35 by a bevel 38; and surface 37 is 
held resting axially and in fluidtight manner on platform 6 
by a ring nut and washer device 40 fitted to portion 28 
and resting axially on surface 36. 

[0020] with reference to Figures 1 and 2, device 12 also com- 
prises a passage 42 formed outside pin 16 and having an 
inlet 43, which comes out inside cavity 9, and an outlet 
44, which comes out inside conduit 3 to cool the sliding 
regions between pin 16 and platform 6 by means of a 
stream of air directed from cavity 9 into conduit 3. 

[0021] a s 0 f j n | e t 43 j passage 42 comprises a number of radial 


channels 46, which come out inside cavity 9 and are de- 
fined, on one side, by the washer of device 40, and, on 
the other, by respective grooves 47 (Figure 2) formed in 
surface 36 and equally spaced angularly. 

[0022] Grooves 47 and inlet 43 are formed to relatively strict tol- 
erances to obtain calibrated flow sections and, therefore, 
a predetermined desired airflow in passage 42. 

[0023] Continuing towards outlet 44, passage 42 also comprises 
a number of axial channels 48, which are defined, on one 
side, by portion 28, and, on the other, by respective 
grooves 49 (Figure 2) formed in surface 35 and equally 
spaced angularly, and communicate with channels 46 via 
an annular chamber 52 defined by portion 28 and bevel 
38 to distribute a homogenous airflow into channels 48. 
Passage 42 also comprises a number of radial channels 50 
forming extensions of channels 48 and defined, on one 
side, by shoulder 25, and, on the other, by respective 
grooves 51 (Figure 1 detail) formed in surface 37 and 
equally spaced angularly. 

[0024] with reference to Figures 1 and 3, continuing towards 

outlet 44, passage 42 also comprises a number of chan- 
nels 56 defined, on one side, by platform 6, and, on the 
other, by respective radial recesses 57 (Figure 3) formed 


in portion 25a of shoulder 25 and equally spaced angu- 
larly. Channels 56 communicate with channels 50 via an 
air diffusion chamber 59 (Figure 1) larger in cross section 
than channels 56 and defined by a circular groove 58 
formed on the inner edge of portion 25a, i.e. in an inter- 
mediate position between collar 33 and platform 6. 
[0025] Passage 42 also comprises a number of axial channels 60, 
which form extensions of channels 56, are defined, on 
one side, by platform 6, and, on the other, by respective 
recesses 61 (Figure 3) formed in surface 23 and equally 
spaced angularly, and come out inside conduit 3 through 
outlet 44. 

[0026] Outlet 44 is defined on pin 16 by a bevelled or radiused 
annular portion 62 (Figure 1), which joins surfaces 23 and 
21, and guides a film of air from passage 42 towards sur- 
face 21 to cool surface 21 using the so-called "film cool- 
ing"method. 

[0027] | n t he Figure 4 variation, recesses 57, 61 are replaced by 
recesses 57a, 61a, which, as opposed to being perfectly 
axial or radial, intersect and slope to increase their length 
and, therefore, heat exchange between pin 16 and the 
cooling air. 

[0028] | n a solution not shown, cooling channels are also formed 


on pin 17 and ring 31, in the same way as passage 42 de- 
scribed above, to cool shoulder 26 and surfaces 22, 24. 
[0029] | n actual use, because of the pressure difference between 
cavity 9 and conduit 3, air flows from cavity 9 into pas- 
sage 42, and flows successively through inlet 43, along 
channels 46, 48, 50, 56, 60, and through outlet 44 to cool 
pin 16 and reduce the friction forces between pin 16 and 
platform 6. 

[0030] channels 46 provide for calibrating the airflow directed on 
to the connection regions between pin 16 and platform 6; 
channels 56, 60 provide for cooling the whole outer sur- 
face of pin 16 about axis 15; and chambers 52, 59 and 
angularly spaced channels 48, 50 provide for homoge- 
nous air temperature and flow in passage 42. 

[0031] Passage 42 therefore provides for homogeneously cooling 
the connection regions between pin 16 and platform 6, by 
channels 46, 48, 50, 56, 60 being distributed about axis 
15. 

[0032] Passage 42 therefore also enables cooling of pin 16 using 
a relatively small amount of air, on account of channels 
56, 60 being distributed about axis 15 and preferably 
sloping and intersecting. 

[0033] The calibrated-section passages defined by inlet 43 and 


by grooves 47 are also relatively easy to form, by the nec- 
essary precision machining being performed, not on blade 
11, but on an additional collar portion which is only fitted 
to pin 16 after machining. 

[0034] channels 46, 48, 50, 56, 60 are relatively easy to form, do 
not generate high stress concentrations, and have sub- 
stantially no effect on the resistance of lever 13 or blade 
11, by involving no drilling, and by being defined by sur- 
face recesses or grooves only formed outside pin 16. 

[0035] clearly, changes may be made to device 12 as described 
and illustrated herein without, however, departing from 
the scope of the present invention. 

[0036] | n particular, in addition to variable-geometry turbine sta- 
tor blades, device 12 may also be applied to rotary mem- 
bers of combustion chamber by-pass valves, or to rotary 
flaps of post-burners. 

[0037] The density of channels 46, 48, 50, 56, 60 may be other 
than as shown, and recesses 57, 61 need not be equally 
spaced on the outer surface of the pin, so as to cool some 
regions more than others. 

[0038] Some portions of passage 42 may be narrower in section 
to vary cooling air flow speed, and/or the bottom surfaces 
of recesses 57, 61 need not be smooth, so as to increase 


turbulence and, therefore, heat exchange between pin 
and the cooling air. 


